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DISCRETE BOOTSTRAPPING IN AN
OPTICAL RECEIVER TO PREVENT SIGNAL
FEEDBACK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the U.S. Provisional
Patent Application No. 60/774,787, filed Feb. 177, 2006, and
entitled “DISCRETE BOOTSTRAPPING IN AN OPTICAL

RECEIVER TO PREVENT SIGNAL FEEDBACK,” which
1s incorporated herein by reference in 1ts entirety.

BACKGROUND

1. Technology Field

The present invention generally relates to recervers used to
detect optical signals 1n an optical communications network.
In particular, the present invention relates to a discrete boot-
strapping configuration for an optical receiver that reduces
the incidence of feedback of a signal recerved by the optical
receiver.

2. The Related Technology

Fiber-optics and optoelectronics are important aspects of
modern optical networks because they allow for efficient,
accurate and rapid transmission of optical data between vari-
ous components in the network system. An optical transcerver
module (“transceiver”) 1s an example of a modular compo-
nent that 1s used 1n optical networks. Such modular compo-
nents are desirable 1n optical networks and other fiber optic
systems to reduce the cost of manufacturing the system,
which cost increases the more customized the system
becomes.

Transceivers usually include an iput receiver optical sub-
assembly (“ROSA”) and an output transmitter optical subas-
sembly (“TOSA”). The ROSA includes a photodiode or other
optical detector for detecting optical signals and sensing cir-
cuitry for converting the optical signals to electrical signals
compatible with other network components. The TOSA
includes a laser or other suitable light source for transmitting
optical signals and may include control circuitry for modu-
lating the laser according to an mput digital data signal and a
photodetector to monitor laser power.

The TOSA has an optical lens for focusing the optical
signals from the laser of the TOSA into an optical fiber.
Similarly, the ROSA often includes a lens to focus incoming
optical signals on the photodiode. Additionally, one end of the
transceiver cludes pluggable receptacles, pig-tailed con-
nections, or other suitable means for optically connecting the
TOSA and the ROSA with other components within a fiber
optic network, while an opposite end of the transcerver
includes a connector for connecting with electrical compo-
nents of a host system or device with which the transceiver
communicates.

The photodiode 1n the ROSA and the laser in the TOSA are
examples of optoelectronic semiconductor components.
Generally, these optoelectronic semiconductor components
are sensitive devices that require mechanical and environ-
mental protection. As such, these optoelectronic components
are usually manufactured 1n packages to provide such protec-
tion and to facilitate their incorporation into higher level
devices, such as TOSAs and ROSAs.

One such packaging assembly 1s known as a transistor-
outline package, referred to herein as a “TO package.” TO
packages are widely used in the field of optoelectronics, and
may be employed 1n a variety of applications. As such, TO
packages are often standardized to facilitate their incorpora-
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tion 1nto components such as transceivers. The TO packages
protect the sensitive electrical devices contained therein and
clectrically connect such devices to external components
such as printed circuit boards (“PCB”).

With respect to their construction, the TO packages often
include a cylindrical metallic base, also known as a header,
with a number of conductive leads extending completely
through, and generally perpendicular to, the base. The size of
the base 1s often sized to fit within a specific TO standard size
and lead configuration, examples of which include a TO-5 or
TO-46. The leads are usually hermetically sealed 1n the base
to provide mechanical and environmental protection for the
components contained in the TO package, and to electrically
1solate the conductive leads from the metallic material of the
base. Typically, one of the conductive leads 1s a ground lead
that may be electrically connected directly to the base.

Various types of electrical devices and optical components,
such as the photodiode or laser device, are mounted on an
interior portion of the base and connected to the leads to
enable their operation. Generally a cap, also known as a can,
1s used to enclose the interior portion of the base where such
clectrical devices are mounted so as to form a hermetic cham-
ber that helps prevent contamination or damage to the
devices. The specific design of the TO package depends on
the optoelectronic component being mounted on the base and
the modular component with which the TO package will be
used. By way of example, in applications where the optoelec-
tronic component mounted on the base 1s an optical compo-
nent, 1.€., a laser or photodiode, the cap 1s at least partially
transparent so as to allow an optical signal generated or
received by the optical component to be transmitted to or
from the TO package. These optical TO can packages are also
known as window cans.

As stated above, optical recervers are specifically built for
the purpose of receiving and interpreting light signals. An
optical receiver typically includes some sort of detector that
can generate an electrical current or voltage in response to
changes in the power of the incident optical signal. After the
fiber optic recerver converts the optical signal received over
the optical fiber into an electrical signal, the optical receiver
amplifies the electrical signal, and converts the electrical sig-
nal into an electrical digital data stream.

One of the common devices used as a detector 1n an optical
receiver 1s a photodiode. A photodiode operates by generating
a current 1n response to incident light. The optical power of
the incident light determines the current that flows 1n the
photodiode. In effect, the optical signal generates current in
the photodiode that corresponds to the digital data carried by
the optical fiber.

Despite their utility, packages such as TO packages that
house photodiodes or other optical detectors can suifer from
performance-related challenges. One of these challenges 1s
signal feedback. In the case of optical receiver packages,
teedback 1s a result of amplification of the electrical signal
converted from an optical signal received by the photodiode,
as explained above. This amplification 1s performed by a
signal amplifier, such as a transimpedance amplifier, and the
amplification of the output signal produced by the amplifier
can be significant when compared to the original strength of
the converted photodiode signal, which can result 1n a certain
amount of feedback. Moreover, the signals converted by the
photodiode are often high frequency signals of 10 GHz or
more, which can further exacerbate feedback.

Thus, significant signal amplification, together with the
high frequency of the amplified signal, combine to create a
signal that 1s apt to produce feedback 1n the system in which
the photodiode and amplifier are found. This feedback 1s
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manifested as a portion of the signal from the amplifier
ground that migrates back to the amplifier input via various
structures, 1mcluding the header surface, power supply and
ground connections, bond wires, etc. Such feedback 1s unin-
tended and can represent a significant limitation 1n terms of
performance of the package, e.g. frequency response. Should
the feedback exceed minimal levels, oscillation can occur,
which undesirably destroys any functionality of the package
and requires scrapping of the part.

In light of the above, a need exists for controlling feedback
in an optical recerver system, such as an optoelectronic pack-
age housing a photodiode, 1n order to optimize operation of
the device. Any solution should be implemented 1n a manner
that does not substantially increase the sophistication or com-
plexity of the device and that does not compromise signal
integrity.

BRIEF SUMMARY

The present invention has been developed in response to
the above and other needs 1n the art. Briefly summarized,
embodiments of the present invention are directed to an opti-
cal receiver assembly that 1s configured to avoid the introduc-
tion of feedback i an electrical signal converted by the
assembly. In one embodiment, an optical receiver assembly 1s
disclosed, comprising a capacitor, an optical detector pro-
vided with a power supply being mounted on the capacitor,
and an amplifier mounted on a top electrode of the reference
surface. The assembly fturther includes an 1solator interposed
between the reference surface and the capacitor. The 1solator
includes a bottom layer of dielectric matenal that 1s atfixed to
a portion of the reference surface and a metallic top plate that
1s electrically coupled both to a ground of the amplifier and to
the capacitor. This configuration “bootstraps” the amplifier
ground to the amplifier mnput via the photodiode and top
clectrode of the capacitor, and by so doing, allows feedback
signals present at the amplifier ground to be transmitted to the
amplifier input via the photodiode, which desirably cancels
the feedback signal 1n the circuit.

Configuration of the optical recerver assembly as described
above 1n one embodiment further reduces parasitic capaci-
tance and inductance that may otherwise be present in the
circuits of the assembly.

The optical receiver assembly 1n one embodiment forms
part ol an optoelectronic package housed 1n an optical sub-
assembly for use within an optical transceiver module, for
instance. As such, the optical recerver can form an integral
part of an optical communications network.

These and other features of the present invention will
become more fully apparent from the following description
and appended claims, or may be learned by the practice of the
invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

To turther clarity the above and other advantages and fea-
tures of the present invention, a more particular description of
the mmvention will be rendered by reference to specific
embodiments thereof that are illustrated in the appended
drawings. It 1s appreciated that these drawings depict only
typical embodiments of the invention and are therefore not to
be considered limiting of 1ts scope. The invention will be
described and explained with additional specificity and detail
through the use of the accompanying drawings 1n which:

FI1G. 1 15 a perspective view of an optical transceiver mod-
ule which serves as one exemplary environment 1n which
embodiments of the present invention can be practiced;
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FIG. 2 1s a sitmplified block diagram of an optical receiver
that can 1include a photodiode to TIA interface configured in

accordance with one embodiment of the present invention;

FIG. 3 15 a perspective view of a base portion of an opto-
clectronic package, including an optical recerver assembly 1n
accordance with one embodiment;

FIG. 4 1s a schematic diagram showing various electrical
aspects of the optical receiver assembly shown 1n FIG. 3; and

FIG. 5 1s a graph plotting various parameters associated
with operation of the optical recetver assembly configured in
accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF SELECTED
EMBODIMENTS

Retference will now be made to figures wherein like struc-
tures will be provided with like reference designations. It 1s
understood that the drawings are diagrammatic and sche-
matic representations of exemplary embodiments of the
invention, and are not limiting of the present invention nor are
they necessarily drawn to scale.

FIGS. 1-5 depict various features ol embodiments of the
present 1nvention, which 1s generally directed to an optical
receiver assembly that 1s configured to avoid the introduction
of feedback 1n an electrical signal converted by the assembly.
Reduction or elimination of signal feedback in the optical
receiver assembly enables optimization of the assembly and
assurance ol acceptable signal integrity for its use within a
communications network, for example. Embodiments of the
optical recerver assembly can be included 1n optoelectronic
packages, including TO packages that form a component of
an optical subassembly for an optical transceiver module.
Such modules are central to the interfacing of electronic
devices, such as computers, routers and the like, with an
optical communications network employing fiber optic tech-
nology. In addition, the feedback-reducing optical receiver
assembly can also be employed 1n other operating environ-
ments 11 desired.

As mentioned, an exemplary embodiment of the optical
receiver assembly described herein 1s embodied within an
optoelectronic package of a receiver optical subassembly
(“ROSA”) for an optical transceiver module (“transceiver”).
The ROSA, together with a transmitter optical subassembly
(““TOSA”) of the transcetver, includes various components to
enable the reception and transmission of optical signals to and
from a host system that 1s operably connected to the trans-
ceiver. The host system can be included as a node 1in an optical
communications network, for mstance, and can employ the
transcerver i communicating via optical signals with other
components of the network. Note, however, that the discus-
s1on to follow regarding embodiments of the present inven-
tion as they relate to controlling feedback in relation to an
optical receiver should not be construed as limiting the
present invention to only such embodiments. Indeed, 1t 1s
appreciated that principles of the present invention can extend
to optical recervers employed 1n other configurations as well.

Reterence 1s first made to FIG. 1, which depicts a perspec-
tive view ol an optical transcerver module (*transceiver’™),
generally designated at 100, for use in transmitting and
receiving optical signals 1n connection with an external host
that 1s operatively connected 1n one embodiment to a com-
munications network (not shown). As depicted, the trans-
ceiver shown 1n FIG. 1 includes various components, includ-
ing an optical receiver implemented as a receiver optical
subassembly (“ROSA”) 20, a transmitter optical subassem-
bly (*“TOSA™) 10, electrical interfaces 30, various electronic
components 40, and a printed circuit board 50. In detail, two
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electrical interfaces 30 are included 1n the transceiver 100,
one each used to electrically connect the ROSA 20 and the
TOSA 10 to a plurality of conductive pads located on the PCB
50. The electronic components 40 are also operably attached
to the PCB 50. An edge connector 60 1s located on an end of
the PCB 50 to enable the transceiver 100 to electrically inter-
face with a host (not shown here). As such, the PCB 50
facilitates electrical communication between the TOSA
10/ROSA 20, and the host. In addition, the above-mentioned
components of the transcerver 100 are partially housed within
a housing portion 70. Though not shown, a shell can cooper-
ate with the housing portion 70 to define a covering for the
components of the transcerver 100.

FIG. 2 illustrates further details regarding the exemplary
environment of FIG. 1 for implementing embodiments of the
present invention. In detail, FIG. 1 illustrates in block form a
fiber optic recerver 101 that includes components that are
found 1n the ROSA 20 and electronic components 40 of the
PCB 50 shown 1n FIG. 1. The receiver 101 recerves a data-
contaiming optical signal (*“light™) 103 over an optical fiber
102. A photodiode 104 or other optical device for converting
an optical signal receives the optical signal and converts 1t
into an electrical signal 106, manifested as an electrical cur-
rent. A transimpedance amplifier (“TIA”) 108 amplifies the
clectrical signal 106 to produce the amplified electrical signal
110. The TIA 108 has a wide dynamic range that 1s able to
amplily signals with large power without significantly dimin-
ishing the ability to amplily signals with low power. The
amplified electrical signal 110 1s then amplified by a post
amplifier 112 or 1s operated on by another integrated circuit
such as a clock and data recovery circuit. The output 114 of
the post amplifier 114 1s interpreted or translated by the trans-
lation module 116 and converted 1nto an electrical digital
signal 118. The digital signal 118 can then be forward to a
host via other components of the transcerver for use by the
host.

Reference 1s now made to FIG. 3 1n describing details
regarding an exemplary embodiment of the present invention.
In particular, FIG. 3 shows portions of an optical recerver
package, generally designated at 150. The package 150 1s a
TO package and includes a base 152 that 1s configured to mate
with a cap (not shown) 1n order to form a hermetic environ-
ment 1n which other components of the package 150 can
reside. Various leads 154 A-D extend through glass seals 156
of the base 1n order to provide electrical communication
between package components and devices positioned exte-
rior to the package 150. The glass seals both environmentally
and electrically 1solate the leads 154 A-D as to prevent elec-
trical shorting or contamination of the hermetic package envi-
ronment. A reference surface 158 1s included on the base and
serves as a platform for mounting various package compo-
nents. When the cap 1s installed on the base 152 the reference
surface 1538 and any components mounted thereon are
included within the hermetic environment of the package
150. The base 152 1s composed of a metallic substance and 1s
grounded via a lead (not shown) such that the reference sur-
face serves as a ground plane for various ol the components of
the package 150.

The package 150 further includes an optical receiver
assembly, generally designated at 200, which 1s configured 1n
accordance with one embodiment of the present invention.
The assembly 200 generally includes an optical detector, such
as a photodiode (*PD”") 202, and a signal amplifier, such as a
transimpedance amplifier (“TIA”) 204. The PD 202 in one
embodiment 1s an avalanche photodiode and 1s positioned 1n
the package 150 to receive incident light from an optical fiber
in the manner generally depicted 1in FIG. 2 and to convert the
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light 1nto an electrical signal. The TIA 204 1s operably con-
nected to the PD 202 1n order to receive the electrical signal
produced by the PD and amplily the signal prior to forward-
ing it to other transcerver components, as shown in FIG. 2.

In particular, the TIA 204 includes various bond pads 206
to allow interconnection of the TIA with various other pack-
age components. One of the bond pads 206 A 1s employed to
clectrically connect with a corresponding bond pad on a top
surface 202A of the PD 202 via a bond wire 208. In addition
to this configuration, other alternative configurations can be
employed to electrically connect the PD 202 and TIA 204
together.

A capacitor 210 1s included 1n the package 150 to reduce
the injection of noise 1nto the electrical signal produced by the
PD 202. As shown in FIG. 3, the PD 202 1s affixed to a surface
of the Capacitor 210. As such, a bottom electrode 202B of the
PD 202 1s electrically coupled to top electrode 210A that
defines the top surface of the capacitor 210, thereby electr-
cally coupling the PD and capacitor together A bottom sur-
face of the capacitor 210 defines a bottom electrode 210B of
the capacitor 210, which electrode 1s electrically coupled to a
top plate 254 of the 1solator 250. In the present embodiment,
the capacitor 210 1s a single layer capacitor, though in other
embodiments other suitable capacitor types could be
employed.

Electrical power supplies are provided to both the PD 202
and the TIA 204 in order to enable their functionality. Spe-
cifically, the lead 154 A provides a power supply both to the
PD 202 and the electrode 210A of capacitor 212A, which
capacitor 1s positioned on the reference surface 158 of the
base 152, via bond wires 214A. The second electrode of the
capacitor being upon its lower surface which 1s in contact
with reference surface 158 and which 1s electrically coupled
to reference surface 158. Specifically, one of the bond wires
214 A 15 attached to and extends between a capacitor 212A
and the top electrode 210A of the capacitor 210 on which the
PD 202 1s positioned. In this way, a power supply signal 1s
provided both to the bottom electrode 202B of the PD 202 and
the top electrode 210A of the capacitor 210 via the bond wires
214 A. In addition, the capacitor 212A 1s also powered by the
bond wire 214 A extending from the lead 154 A, together with
connection of a bottom electrode of the capacitor 212A with
the reference surface 1358.

Similarly, the lead 154B provides a power supply to the
TIA 204 via bond wires 214B and a top portion of an inter-
posed capacitor 212B positioned on the reference surface
158. Specifically, one of the bond wires 214B 1s attached to
and extends between a top electrode of the capacitor 212B
and one of the bond pads 206 of the TIA 204, while two
additional bond wires 214B extend between the capacitor top
surface and the lead 154B. A bottom electrode of the capaci-
tor 212B 1ncluded on a bottom surface of the capacitor 1s
clectrically coupled to the reference surface 1358. In this way,
a power supply signal 1s provided the TIA 204 via the bond
wires 214B and the top electrode of the capacitor 212B. Note
that the capacitor 212A 1s used in the present embodiment as
described above such that any time-varying voltage present
on 1ts top electrode 1s pasted through the electrode to the
reference surface 158.

As already mentioned, the PD 202 provides an electrical
signal representative ol an optical signal received thereby,
and forwards the electrical signal to the TIA 204 for amplifi-
cation. Once amplified, the electrical signal 1s forwarded to
the package leads 154C and 154D via respective bond wires
216 as a differential signal. The leads 154C and 154D are
configured to convey the differential electrical signals to other
components of the transceiver, such as the post amplifier 112,
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shown in FIG. 2, for further processing before being for-
warded to a host or other suitable destination. Note that the
TIA 204 further includes a plurality of bond wires 218 that
cach extend from various of the bond pads 206 to the refer-
ence surface 158 1n order to provide a ground path for por-
tions of the TIA.

In accordance with one embodiment, the optical receiver
assembly 200 of the package 150 further includes an 1solator
250 on which the capacitor 210 1s affixed. The 1solator 250 1s
in turn affixed to the reference surface 158 of the package base
152. In detail, the 1solator 250 includes a bottom layer 252
composed of a low dielectric material—having a dielectric
constant of less than 10 1n one embodiment—and having
suitable outgassing properties, 1.e., the material will not
release gases during operation that may interfere with opera-
tion of the optical receiver. The 1solator 250 further includes
a top plate 254 mated with the bottom layer and composed of
a conductive material, such as any suitable metal. Indeed, 1n
one embodiment, the bottom layer 252 1s composed of alu-
minum oxide, 1.e., alumina, while the top plate 254 1s gold.
Alternative materials from which the 1solator bottom layer
can be composed include fused silica and aluminum nitride.
Variations 1n the composition of the 1solator components are
possible, however, 1n accordance with the requirements set
torth herein.

In greater detail, the bottom layer 252 of the 1solator 250 1s
ailixed to the reference surface 158 of the package base 152.
In turn, the bottom electrode 210B of the capacitor 210 1s
ailixed to the top plate 254 of the i1solator, and the bottom
clectrode 202B of the PD 202 i1s affixed to the capacitor. In
addition, bond wires 256 extend from ground bond pads 2068
of the TIA 204 to the top plate 254, thereby electrically
coupling the TIA ground to the isolator top plate, which 1n
turn couples the TIA ground to the PD power supply that
couples to the capacitor 210. As will be seen, this 1solator
configuration effectively cancels out feedback that may be
present 1n the optical recerver assembly 200.

Note that the bond wires 256 extend between the TIA 204
and the 1solator 250 in non-parallel directions. This helps
prevent mutual coupling between the bond wires 256, which
in turn reduces undesired circuit inductance.

Reference 1s now made to FI1G. 4, which includes a circuit
diagram 300 depicting various components and characteris-
tics of the optical recerver assembly and package configured
as depicted 1n FIG. 3. As shown, the PD 202, TIA 204, and
capacitor 210 are depicted in electrical relation to one
another. The TIA 204 includes a signal mput indicated at
204 A, corresponding to the TIA bond pad 206 in FIG. 3, and
a ground indicated at 204B, which corresponds to the TIA
bond pads 206B. A power supply, V ;. 1s shown connected to
the PD 202. Residual capacitances, which represent artifacts
of the configuration of the optical recerver assembly, are
depicted at 302 in relation to the differential electrical signals
that are emitted by the TIA 204 and transmitted via the bond
wires 216 and leads 154C and 154D (see FIG. 4). A parasitic
capacitance 304 1s also shown. The capacitances 302 and 304
represent leakage capacitances that are present 1n the system,
1.€., unintended capacitances occurring between the reference
surface 158 of the package base 152 and components of the
optical receiver assembly 200 shown 1n FIG. 3.

Various unintended inductances 306 are shown 1n FIG. 4,
which each represent inherent inductances existing in the
various bond wires present 1n the optical receiver assembly
200 of FIG. 3. Also shown 1s a parasitic inductance 308 that
exists between the PD 202 and the TIA 204. In order to
mimmize feedback and optimize performance of the optical
receiver assembly 200 1n light of embodiments of the present
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invention, it 1s desired to minimize the prevalence of the
parasitic capacitance 304 and inductance 308.

With continuing reference to FIGS. 3 and 4, embodiments
of the present invention feature the ability to control the
presence ol feedback in the electrical signal produced and
processed by the optical receiver assembly 200 depicted in
FIG. 3. During operation of the optical recerver assembly 200,
extrancous signals related to the amplified electrical signal
produced and output via the bond pads 206C of the TIA 204
for transmission via the leads 154C and 154D can be unde-
sirably commumnicated through various paths in the package
150 or its components to the TIA input, defined here as the
voltage present at bond pad 206A of the TIA relative to the
TIA ground. The paths and components by which these extra-
neous signals can travel include grounds paths internal to the
TIA 204, the reference surface 138 of the package base 152,
the power supply capacitors 212A and 212B, etc.

This extraneous signal pollution 1s caused in part by system
geometry and the high frequency and amplified strength of
the TIA signal. The itroduction of this extraneous signal in
the above manner results 1n a net signal being present at the
TIA 111put at bond pad 206A relative to the TIA internal
ground, 1.e., a feedback signal. As has been discussed, such
teedback can mnhibit operation of the optical receiver assem-
bly and hinder the desired electrical signal 1t produces.

In greater detail, the TTA ground itself provides an efficient
path for transferring a feedback signal from the TIA outputs at
TIA bond pads 206C back to the TIA 1nput at bond pad 206 A
due to the high conductivity, short length, and low path induc-
tance of the TIA ground. Any imbalance 1n the loads present
at the two differential TIA output bond pads 206C or in the
TIA output signals themselves will result 1n a net signal being
induced 1n the TIA ground. Such a TIA ground signal can be
coupled back to the TIA mput at bond pad 206 A with high
eificiency. Put another way, because the TIA input signal 1s
interpreted relative to the TIA ground, any signal present on
the TTA ground relative to the TIA mnput at the bond pad 206 A
will carry the same importance as if that signal were present
directly on the TIA 1nput. Thus, any feedback signal present
on the TIA ground, 1f not compensated for, will interfere with
intended signals received at the TIA mput at the bond pad
206 A. In order to cancel the effect of the TTA ground signal on
the TIA 1put, 1t 1s desirable to couple the TIA ground signal
back to the TIA input bond pad 206A 1tself in an efficient
manner, 1n accordance with embodiments of the present
invention.

The optical recewver assembly configuration shown 1n
FIGS. 3 and 4 15 configured to control such signal feedback
via the use of a “bootstrapping” electrical path configuration,
which results in the ground of the TIA 204 being electrically
coupled to the ground of the PD 202, and ultimately to the
TIA mput 206 A. This bootstrapping path 1s defined in FIG. 3
by the bond pads 206B of the TIA, which are coupled to the
internal TIA ground, being electrically coupled with the top
plate 254 of the 1solator 250 via the bond wires 256. Note that
the 1solator bottom layer 252 prevents this TIA ground from
clectrically connecting with the reference surface 158. The
1solator top plate 254, 1n turn, 1s electrically coupled to the
capacitor 210, which 1s coupled to the PD 202, as has been
described. Also as described, the power supply for supplying
power to the PD 202 1s delivered via the bond wires 214 A, one
of which connects with the top electrode 210A of the capaci-
tor 210.

The above configuration establishes the electrical boot-
strap path from the TIA ground to the PD ground that 1s
independent of the package base reference surface 158. In
another sense and as shown 1n FIG. 4, the TIA ground 204B




US 8,059,973 B2

9

is tied to the power supply V ,, via the capacitor 210, again
enabling a tie-1n between the TIA ground 204B and the TIA
input 204A via the PD 202. Note that, despite the above
description the bootstrapping configuration can be realized
via other components and connections that preserve the func-
tionality of the configuration described herein.

The above bootstrapping configuration accounts for the
above-described feedback and prevents 1t from compromis-
ing the mtegrity of the amplified electrical signal that 1s pro-
duced, amplified, and forwarded by the optical recerver
assembly 200. In particular, any extraneous feedback signal
that 1s undesirably acquired by the TIA ground as described
above can be effectively transmitted, via the above bootstrap-
pmg configuration, to the bottom surface of the capacitor 210
that 1s atfixed to the top plate 254 of the 1solator 250. Because
the capacitor 210 lacks significant impedance at the frequen-
cies of interest, 1t allows the extranecous signal to pass through
the capacitor and reach the PD 202. The extraneous signal can
then be forwarded by the PD 202 to the TIA 1nput bond pad
206A, together with the desired electrical signals typically
produced by the PD during reception of optical signals. Thus,
any extraneous feedback signal present at the TIA ground i1s
also forwarded by the bootstrapping configuration such that 1t
1s also present at the TIA input. The presence of the extrane-
ous feedback signal at both the TIA mput and ground effec-
tively cancels the signal out of the TIA 1nput stream. This
leaves only the desired signal to be amplified and forwarded
by the TTA 204.

The above canceling effect 1s made possible by the boot-
strapping configuration described above together with place-
ment of the 1solator 250, as the 1solator prevents the PD 202
from electrically coupling with the reference surface 158 as a
ground source. Rather, the PD 202 e¢lectrically couples with
the TIA ground wvia the bootstrapping configuration, as
already described. Also, the bootstrapping configuration,
together with the isolator 250, advantageously reduces or
climinates the parasitic inductance 308 and capacitance 304
of the assembly as depicted 1n FI1G. 4 by virtue of their mutual
design. This 1n turn enables signals to travel umimpeded
between the TIA ground at 206B to the TTA input at 206 A via
the capacitor 210 and PD 202. This desirably permits the
extraneous feedback signal canceling efiect described above
to occur.

FIG. 5 1s a graph that depicts modeled results that demon-
strate the beneficial results of the above feedback canceling
eifect, wherein graphs 502A and 502B show the amount of
signal output from the amplifier 204 that migrates back to the
positive and negative input of the amplifier, respectively, and
graph 504 1s the combination of these two migrated signals as
received and amplified by the amplifier. Graph 504 shows that
the amount of amplified feedback, or gain, 1s desirably below
the amount where feedback normally occurs.

The particular characteristics of the 1solator 250 can be
configured to provide the desired performance thereof Thus,
for example, the top surface areal size, dielectric constant,
and thickness of the bottom layer 252 of the 1solator 250 can
be altered as needed to provide suilicient 1solation for the top
plate 254, given the fact that performance of the 1solator 1s
inversely proportional to its capacitance, which in turn 1s
proportional both to the areal size of the top surface and its
dielectric constant and 1nversely proportional to its thickness.

In accordance with the foregoing, the bootstrapping con-
figuration discussed above discloses one exemplary means
tor electrically coupling a ground of an amplifier, such as the
TIA 204, to an 1input of the amplifier, independent of a refer-
ence surface i view of controlling feedback 1n an optical
receiver assembly. However, as noted these structures are
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simply one example of a means for such electrical coupling.
Indeed, other structures and components could be 1mple-
mented to accomplish the same functionality as that
described herein. Thus, the above disclosure should not be
considered limiting of the present invention 1n any way.

The present invention may be embodied 1n other specific
forms without departing from 1ts spirit or essential character-
istics. The described embodiments are to be considered 1n all
respects only as 1llustrative, not restrictive. The scope of the
invention 1s, therefore, indicated by the appended claims
rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What 1s claimed 1s:

1. A tfeedback controlling optical recerver assembly, com-
prising;:

a reference surface;

a capacitor;

an optical detector mounted on the capacitor, a top elec-

trode of the capacitor being electrically coupled to a

bottom electrode of the optical detector;

an amplifier mounted on the reference surface, the ampli-

fier recerving and amplifying an electrical signal pro-

duced by the optical detector; and

an 1solator mounted on the reference surface such that the

1solator 1s interposed between the reference surface and
the capacitor, the 1solator configured to electrically
couple a feedback signal present at a ground of the
amplifier to an input of the amplifier independent of the
reference surface such that most of the feedback signal 1s
cancelled, wherein the 1solator includes:

a bottom layer of dielectric material that 1s affixed to a
portion of the reference surface;

a metallic top plate, the top plate being electrically
coupled both to a ground of the amplifier and to a
bottom electrode of the capacitor; and

two wires extending from the amplifier to the metallic
top plate, the wires being arranged 1n a non-parallel
configuration to prevent mutual coupling.

2. The optical receiver assembly as defined in claim 1,
wherein the 1solator permits the feedback signal present at the
ground of the amplifier to be transmitted to the optical detec-
tor and from the optical detector to the input of the amplifier.

3. The optical receiver assembly as defined in claim 1,
wherein the optical detector 1s an avalanche photodiode.

4. The optical recerver assembly as defined 1n claim 1,
wherein the reference surface 1s a grounded surface of a base
ol an optical recerver package.

5. The optical recerver assembly as defined 1n claim 4,
wherein the 1solator capacitively 1solates the optical detector
from the grounded reference surface.

6. The optical receiver assembly as defined in claim 1,
wherein the 1solator reduces parasitic capacitance and para-
sitic inductance 1n the optical receiver assembly.

7. The optical receiver assembly as defined in claim 1,
wherein the 1solator 1s further configured to permait the feed-
back signal to be transmitted from the optical detector to the
input of the amplifier such that at least a portion of the feed-
back 1s substantially cancelled from the optical receiver
assembly.

8. The optical recerver assembly as defined 1n claim 1,
wherein the bottom layer of dielectric material 1s composed
of a low dielectric material having a dielectric constant of less
than 10.

9. The optical recerver assembly as defined 1n claim 1,
wherein the bottom layer of dielectric material 1s composed
of aluminum oxide, fused silica, or aluminum nitride.
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10. The optical recetver assembly as defined 1n claim 1,
wherein the metallic top plate comprises gold.

11. A recerver optical subassembly comprising:

a hermetically sealed package including a grounded base;

a plurality of electrical leads that extend through the base in

order to provide electrical commumnication between
package components and devices positioned exterior to
the package; and

the optical receiver assembly as defined 1n claim 1 posi-

tioned within the hermetically sealed package, the
grounded base defining the reference surface of the opti-
cal recetver assembly.

12. The receiver optical subassembly as defined in claim
11, wherein the amplifier comprises a transimpedance ampli-
fier.

13. The receiver optical subassembly as defined 1n claim
12, wherein the 1solator enables an electrical path to be estab-
lished between the ground of the transimpedance amplifier
and the mput of the transimpedance amplifier via the metallic
layer, the first capacitor, and the photodiode.

14. The recerver optical subassembly as defined 1n claim
13, wherein the electrical path provides a conduit by which
teedback signals present at the ground of the transimpedance
amplifier are transmitted to the imput of the transimpedance
amplifier to cancel at least a portion of the feedback signal.

15. The receiver optical subassembly as defined in claim
14, wherein the electrical path 1s independent of the grounded
reference surface.

16. The receiver optical subassembly as defined 1n claim
11, wherein a power supply for the photodiode 1s provided by
a lead of the base and 1s supplied to a first electrode of the
capacitor, wherein a decoupling capacitor 1s interposed
between the lead and the capacitor.

17. An optical transcerver module, comprising:

a housing;

a printed circuit board at least partially included in the

housing;
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a transmitter optical subassembly electrically coupled to

the printed circuit board; and

the receiver optical subassembly as defined in claim 11

clectrically coupled to the printed circuit board.

18. The optical transcerver module as defined 1n claim 17,
wherein the metallic layer of the 1solator 1s electrically
coupled to the ground of the amplifier by one of the two wires
that extends from a bond pad of the amplifier to the metallic
layer.

19. The optical transcerver module as defined 1n claim 17,
wherein a power supply 1s supplied to the optical detector via
a first electrode of the capacitor.

20. A feedback controlling optical recerver assembly, com-
prising;:

a reference surface;

a capacitor;

an optical detector mounted on the capacitor, a top elec-

trode of the capacitor being electrically coupled to a
bottom electrode of the optical detector;

an amplifier mounted on the reference surface, the ampli-

fier recerving and amplifying an electrical signal pro-
duced by the optical detector; and

an 1solator mounted on the reference surface such that the

1solator 1s interposed between the reference surface and

the capacitor, the isolator configured to electrically

couple a feedback signal present at a ground of the

amplifier to an input of the amplifier independent of the

reference surface such that most of the feedback signal 1s

cancelled, wherein the 1solator includes:

a bottom layer of dielectric material that 1s affixed to a
portion of the reference surface; and

a metallic top plate, the top plate being electrically
coupled both to a ground of the amplifier and to a
bottom electrode of the capacitor.
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